We reviewed retrospectively the results in 211 consecutive patients who had undergone limb salvage for bone neoplasia with endoprosthetic reconstruction of the proximal femur (96), distal femur (78), proximal tibia (30) and total femur (7). Their mean age was 50 years (11 to 86) and the mean follow-up period was 37.3 months (1 to 204). A total of 35 (16.6%) prostheses failed. Overall, implant survival was 78% (95% confidence interval (CI) 0.29 to 0.54) at five years, 60% (95% CI 0.93 to 2.35) at ten years and 60% (95% CI 1.27 to 3.88) at 15 years. Survivorship of the limb was 97.6% (95% CI 1.73 to 3.35) at ten years. The gender, age, diagnosis and location of the tumour were not prognostic variables for failure. Modular endoprosthetic replacement in the lower limb is a durable long-term reconstructive option, with the implants generally outlasting the patient.
The distal femur is the most common site for primary bone tumours and the proximal femur is the most common location for metastatic lesions. [1] [2] Before the development of endoprostheses in the 1970s, the primary treatment for these lesions was amputation. With advances in radiation treatment and chemotherapy, limb salvage became an option in the early 1980s. Although there appears to be a higher incidence of local recurrence with limb salvage, the overall patient survival is similar to that for amputation. 3 The development of new operative techniques, better patient selection and improved prosthetic design have been instrumental in improving the options for treatment.
The optimum method for reconstruction of the lower limb after resection of the femur or tibia is controversial. Options include the use of autografts, [4] [5] [6] allografts, 7, 8 custom-made megaprostheses [9] [10] [11] and modular endoprostheses. The first reconstructive procedures were performed using allograft or allograft-prosthetic composites. 12, 13 Nonunion, fracture and infection often complicate the use of allografts. 7, 8 Custom-made endoprostheses were then developed which, while associated with fewer complications, were costly to manufacture. [9] [10] [11] More recently modular endoprostheses have become available. These allow reconstruction of a wide variety of skeletal defects using off-the-shelf components without the expense or time required to manufacture a custom-made implant. Intra-operative assembly allows for the uncertainty of the margin of tumour resection, as well as offering an element of expandability when used for reconstruction in skeletally immature patients.
Improvements in the treatment of primary bone neoplasms have led to an increase in the long-term survival of the patients. Many of them are young and are expected to lead active lives, placing greater demands on their implants, whilst those with metastatic disease are anticipated to have poor bone quality, possibly placing a greater load on the endoprosthesis. Accordingly, durability of the implant is important in reducing the likelihood of revision.
We have studied the survivorship of modular endoprosthetic reconstructions in the treatment of both primary bone tumours and metastatic disease of the lower limb, and assessed the rate of revision, cause of failure and ultimate functional outcome.
Patients and Methods
Between July 1988 and November 2003, 235 patients with neoplasms of the lower limb were referred to our institution, of whom 24 underwent primary amputation. The results in the remaining 211 who had limb salvage with modular endoprosthetic reconstruction were reviewed retrospectively. The study was approved by the institutional review board. There were 102 men and 109 women with a mean age of 50 years (11 to 86). Of these, 89 had primary bone tumours, 86 metastatic disOncology ease and 36 had benign lesions. The diagnoses are shown in Table I .
At the time of the study 74 of the patients had died from metastases and 26 from their primary bone neoplasm. A minimum follow-up of one year was obtained in 173 patients, of two years in 114, of more than five years in 55 and of more than ten years in 22 patients. The mean length of follow-up for patients with metastatic disease was only 13.5 months (1 to 86.2) because of early death from the disease. By contrast, patients with primary bone tumours were followed for a mean of 59.5 months (1 to 204). The overall mean length of follow-up was 37.3 months (1 to 204).
All patients underwent staging which included plain radiography and MRI of the limb, CT of the chest and total body scintigraphy prior to biopsy. Patients with primary bone neoplasms were staged according to the system of Enneking, Spanier and Goodman, 14 with 77 having stage-IIB, eight stage-III and four stage-IB disease at presentation. There were 33 patients with benign bone tumours who had grade-3 lesions and two who had grade-2 lesions. When indicated, patients received the standard pre-operative chemotherapy regime in use at the time of their treatment. Operative technique. All operations were carried out by a single surgeon (LRM). Tumour resection was performed with the goal of obtaining adequate disease-free margins. For resection of tumours of the proximal femur, biopsy tracts were excised en bloc with the specimen through a posterolateral approach to the hip. The abductor muscles were detached from the specimen by transection through the tendon or muscle. Wide resection with tumour-free margins was obtained in all patients. All resections of the hip were intra-articular. The Modular Segmental Replacement System (MSRS) endoprosthesis (Howmedica, Rutherford, New Jersey) was used in all patients to reconstruct the large segmental defects resulting from resection of the tumour. The articulation was bipolar in 62 patients and a total hip arthroplasty in 34. This choice was based on preoperative anticipated survival and intra-operative assessment of the acetabulum and surrounding soft-tissue attachments. All femoral stems were fixed with a polymethylmethacrylate (PMMA) cement mantle of 1 mm to 2 mm, after reaming the host femur 2 mm larger than the diameter of the stem. Acetabular components, when used, were cemented. Reconstruction of the abductor muscles was performed by suturing the tendons to the remaining host soft tissue without direct attachment to the endoprosthesis.
For resection of tumours about the knee, a medial or lateral parapatellar arthrotomy was performed depending on the location of the lesion. For tumours arising from the proximal tibia, the insertion of the extensor mechanism on the tibial tuberosity was resected en bloc with the lesion. Wide tumour-free margins were obtained for all patients. A total of 105 resections of the knee were intra-articular and three were extra-articular. The MSRS endoprosthesis, with a rotating kinematic hinged knee mechanism, was used to reconstruct the segmental defects arising from resection of the tumour. A total of 78 patients had reconstruction for tumours of the distal femur and 30 for neoplasms of the proximal tibia. All the components were cemented to allow immediate post-operative weight-bearing. The stems were fixed with a PMMA cement mantle of 1 mm to 2 mm with the routine use of modern cementing techniques of pressurisation and an intramedullary cement plug. The patella was resurfaced routinely. Reconstruction of the extensor mechanism was performed after proximal tibial resection as described by Malawer and Sugarbaker. 15 The advanced patellar tendon was directly sutured to the prosthesis using Dacron tape. A medial gastrocnemius transpositional muscle flap was then rotated anteriorly to cover the proximal tibia and knee, and was sutured to the underlying patellar tendon, quadriceps and joint capsule. The gastrocnemius flap ensured adequate soft-tissue coverage around the prosthesis and provided mechanical and biological reinforcement of the extensor mechanism. After distal femoral reconstruction a medial gastrocnemius rotational flap was transposed when adequate soft-tissue coverage could not be achieved locally. Total femoral reconstruction was performed as described by Malawer and Sugarbaker. 15 The hip was resected through a posterolateral approach, with transection of the abductors through their tendinous attachments. The incision was extended distally to the anterolateral aspect of the patellar tendon and tibial tuberosity. A transverse tibial osteotomy was performed approximately 1 cm below the joint line, as for a standard knee arthroplasty. Endoprosthetic reconstruction was performed with the MSRS system using bipolar hip components and a rotating kinematic hinge knee mechanism. The hip abductors were reconstructed by directly suturing the tendons to the remaining soft tissue. A medial gastrocnemius interposition flap was performed in all patients to provide adequate soft-tissue coverage about the knee.
Post-operatively, intravenous antibiotics were routinely administered until all drains were removed by the third post-operative day. Patients with proximal femoral and distal femoral reconstructions were allowed to bear full weight immediately after surgery without a brace or cast. Those who underwent distal femoral reconstruction began mobilisation of the knee on the second post-operative day. The protocol for patients who had undergone proximal tibial resection included immobilisation of the knee in full extension for three weeks to allow healing of the extensor mechanism. After removal of the knee brace, patients began physiotherapy, concentrating on knee extension exercises to prevent an extensor lag. Once full extension had been achieved, efforts were directed towards improving flexion of the knee. Patients who had total femoral replacement were mobilised post-operatively with an abduction brace and were restricted to partial weight-bearing. At four to six weeks, once active hip abduction had been achieved, the brace was discarded and full weight-bearing was allowed. The patients were reviewed every three months for the first two years after operation, then every six months for three additional years and annually thereafter.
Failure of the endoprosthetic reconstruction was defined as revision of any or all components of the implant, removal of the prosthesis or amputation of the limb. The records were inspected for the onset of any complications. Causes of failure leading to revision included infection, recurrence of the tumour, aseptic loosening, fatigue failure, peri-prosthetic fracture and dislocation.
The functional outcome was assessed in all surviving patients using the revised Musculoskeletal Tumour Society functional rating system. 16 This uses a 30-point scale to weight each of six parameters equally; these are pain, functional limitation, walking distance, use of support, emotional acceptance and gait. An investigator not involved in clinical care interviewed patients by telephone or at their latest follow-up and completed a questionnaire with each patient.
Statistical analysis. Kaplan-Meier survivorship curves with a 95% confidence interval (CI) for both implant and patient survival were prepared using the GraphPad Prism software (GraphPad Software Inc., San Diego, California). Patients who died with their original implant in place were censored. The starting point was defined as the date of implantation of the prosthesis and the end-point as the need for revision, removal of the implant or amputation. The end-point for limb survival was amputation. The log rank test and Cox proportional hazards regression model were used to analyse the association between the various clinical variables and failure of the implant. A p value of less than 0.05 was considered to be significant.
Results
A total of 35 prostheses (16.6%) were deemed to be a failure at the time of the latest follow-up. The rate of revision was 13.8% (29) , of amputation 2.4% (5) and of prosthetic removal 0.5% (1). The reasons for failure in these patients are outlined in Table II . Overall survivorship of the prosthesis based on Kaplan-Meier estimates was 78% (95% confidence interval (CI) 0.29 to 0.54) at five years, 60% (95% CI 0.93 to 2.35) at ten years, and 60% (95% CI 1.27 to 3.88) at 15 years. When compared with overall patient survival of 52% (95% CI 0.39 to 0.76) at five years and 45% (95% CI 0.48 to 0.99) at ten years, the endoprostheses greatly outlasted the patients in whom they had been implanted (Fig. 1) . The survivorship for the proximal femoral replacements was 82% at both five (95% CI 0.15 to 0.36) and ten (95% CI 0.28 to 0.44) years. Survivorship for the distal femoral replacements was 75% (95% CI 0.57 to 2.01) at five years and 58% (95% CI 0.98 to 2.50) at ten years. For the proximal tibial replacement it was 82% (95% CI 0.77 to 2.35) and 52% (95% CI 0.98 to 4.04) at five and ten years respectively. There were no failures in the total femoral replacements, resulting in 100% survivorship at five and ten years. Gender (p = 0.5811), age (p = 0.8183), diagnosis (p = 0.2372) and location of the tumour (p = 0.6665) were not prognostic variables for failure. There was, however, a trend towards greater implant survivorship in females, older patients and in those with metastatic disease. The type of articulation of the femoral head in proximal femoral reconstruction was a significant prognostic indicator for failure of the implant (p = 0.018), with bipolar implants having a greater survivorship than total hip endoprostheses. No difference was found in the rates of revision in those patients who died compared with those who survived (p = 0.9714). The mean age of the patients in whom the initial endoprosthetic reconstruction ultimately failed was 36 years (11 to 80). The mean interval between the initial surgery and failure was 36 months (1 to 120). There were five amputations (2.4%), of which one was a hip disarticulation and four were above-knee. One patient with a proximal femoral endoprosthesis developed a deep infection and chose to have an amputation. Two further amputations, one after distal femoral and one after proximal tibial reconstruction, were performed for infection. The remaining two patients underwent above-knee amputations for local recurrence of tumour. One patient had a malignant fibrous histiocytoma of the proximal tibia, and the other an osteogenic sarcoma of the distal femur. The mean interval between endoprosthetic reconstruction and amputation was 23.4 months (3 to 48). Overall survivorship of the limb without amputation was 97.6% (95% CI 1.73 to 3.35) at ten years.
There was local recurrence in six patients (2.8%). In three this occurred at the proximal femur, in two at the distal femur and in one at the proximal tibia. Of those patients in whom there was recurrence at the proximal femur, one had a recurrent haemangioendothelioma and two developed recurrent metastases (renal-cell carcinoma, squamous-cell carcinoma). Two of these patients underwent revision, one to a cemented acetabulum and the other to a larger femoral component. The remaining patient had the implant removed but without re-implantation. Of the two patients with distal femoral recurrences, one underwent above-knee amputation and the other successful revision for recurrent osteogenic sarcoma. The single patient with a proximal tibial recurrence had an amputation. The mean time from initial resection to recurrence was 21 months (2.3 to 36.5). At the time of this study all patients with local recurrence had died from their disease.
Another leading cause of failure resulting in revision was instability. Ten dislocations of proximal femoral endoprostheses occurred with three resulting in revision of the implant. The remaining patients were successfully treated by either closed (two patients) or open reduction (five patients). Of the dislocations which occurred, four were in bipolar replacements and six were in total hip arthroplasties (THA). Patients with THA were more prone to instability (six of 34 patients; 17.6%) than those with bipolar replacements (four of 62 patients; 6.5%). In six patients dislocation occurred within two months of the initial procedure as a result of a fall. Overall, the mean time from endoprosthetic replacement to dislocation was 4.7 months (1 to 15.2). Instability was not found after any distal femoral, proximal tibial or total femoral reconstructions.
Prosthetic infection was the cause of failure in 11 patients (5.2%). Three underwent amputation as definitive management while eight were successfully treated by twostage revision. Most infections developed relatively soon after the initial endoprosthetic reconstruction after a mean interval of six months (2.5 to 55.6).
There was fatigue failure of the implant in nine patients (4.3%), in seven of whom it occurred after distal femoral reconstruction and in two after proximal tibial. Breakage of the axle of the rotating kinematic knee hinge accounted for four failures. The remaining five were all fatigue fractures of the femoral stem. All patients were successfully revised at a mean of 50.6 months (2.3 to 120) from the initial reconstruction.
Aseptic loosening was an infrequent cause of failure with only five occurrences (2.4%). Four distal femoral stems and one proximal tibial stem were successfully revised at a mean 80.4 months (38 to 120).
Peri-prosthetic fracture occurred in a 17-year-old man who was involved in a motor vehicle accident and sustained a femoral fracture just proximal to the stem of a distal femoral endoprosthesis. The implant was revised to a longer stem 46.7 months after the initial reconstruction.
The mean MSTS functional outcome scores 16 for those patients surviving at the time of this study was 22.25 (14 to 30), indicating that they were able to achieve 74% of nor- Total femur 
Discussion
We have used modular segmental reconstruction after resection of neoplastic disease in the lower limb since 1988. Modularity allows intra-operative adjustment when greater resection is necessary than previously anticipated, offers the possibility of expanding the implants in skeletally immature patients to allow for growth, and decreases the cost in comparison with that of custom-made implants. This series describes the results of a single type of modular endoprosthesis. Previous studies have included results of a variety of modular and custom-made implants or have been confined to custom-made implants alone.
The rate of failure in the current series was 16.6%, with five-, ten-, and 15-year survivorship of the implant of 78% (95% CI 0.29 to 0.54), 60% (95% CI 0.93 to 2.35), and 60% (95% CI 1.27 to 3.88), respectively, which compares favourably with those of custom-made implants. Dobbs et al 17 reported the results in 81 patients treated by a custommade endoprosthetic replacement of the proximal femur. The five-and ten-year survivorship of the implant was reported as 73% and 63%, respectively. Horowitz et al 18 described the results of 93 patients who underwent implantation of either a custom-made or standard lowerlimb endoprosthesis. Survivorship of the implant at five years was 88% for the proximal femoral replacement, 59% for the distal femoral prosthesis and 54% for the proximal tibial implant. In a study by Unwin et al 11 in which 232 patients had custom-made proximal femoral replacements, the survivorship was 68% at ten years. In the same study, the results of 493 distal femoral replacements with a custom-made implant based on a fully constrained knee showed a probability of 67% of surviving aseptic loosening at ten years. Roberts et al 19 found a distal femoral survivorship of 64% at seven years and Rougraff et al 20 of 66% at ten years. Malawer and Chou 21 noted that their proximal tibial reconstructions fared the worst with a crude five-and ten-year survivorship of 45%. Similarly, Torbert et al 22 observed that reconstructions of the proximal tibia with survival rates of 63% at both five and ten years, were more likely to fail than reconstructions of the proximal or distal femur. There are few survivorship studies of total femoral replacements, but 100% survivorship has been reported at approximately two, 15 four 23 and ten years. 24 Our five-and ten-year survivorship, respectively, of 82% at the proximal femur, 75% and 58% at the distal femur, 82% and 52% at the proximal tibia and 100% for total femoral reconstruction, indicates that the modular system used in our study compares favourably with a wide variety of other implants.
Although the proximal femur is one of the most successful sites of endoprosthetic reconstruction, instability remains the most common complication associated with large segmental reconstruction of the proximal femur and is a frequent cause of failure. Several factors influence the rate of dislocation including acetabular resurfacing, resection of the joint capsule and the technique of abductor repair. A slightly higher rate of dislocation has been reported after THA than after bipolar replacement. Rates of dislocation of 11% to 15% have been described when the acetabulum has been resurfaced. 9, 25 In our series, dislocation was almost three times more common after THA than after bipolar replacement. Bickels et al 26 noted the results in 57 patients who underwent bipolar or unipolar reconstruction of the proximal femur with acetabular preservation, capsular repair and anatomical reconstruction of the abductor mechanism to the endoprosthesis. Only one patient developed a dislocation. An additional contributing factor predisposing to instability is abductor weakness. Tumour resection about the hip often requires that the abductor muscles be sacrificed, meaning that reconstruction to the endoprosthesis is not possible. We did not reattach the abductors directly to the prosthesis, but instead sutured them to the remaining soft tissues. The literature suggests that the most effective method of restoring stability of the hip is acetabular preservation, capsulorrhaphy and abductor reconstruction, directly to the endoprosthesis when feasible.
Infection occurred in 5.2% of patients in our study, which is similar to other series with rates ranging from 3% to 13%, 10, 27, 28 but better than allograft reconstruction in which rates as high as 30% have been reported. 8 Malawer and Chou 21 proposed administering long-term suppressive antibiotics during chemotherapy and other periods of immunosuppression to decrease the rate of infection. Another important factor in reducing the rate of infection is the use of rotational or free muscle flaps to provide adequate soft-tissue coverage around the endoprosthetic reconstructions.
The local rate of recurrence in our series of 2.8% compares favourably with that seen in other studies. Previous reports noted rates of recurrence ranging from 3% to 25%. 22, [28] [29] [30] Risk factors associated with increased recurrence have been shown to include the margin of resection, pathological fracture, poor response to chemotherapy and intravascular extension of the tumour. 31 In our study the rate of aseptic loosening was 2.4% (five patients). Mechanical failure occurred in nine patients (4.3%) and one (0.5%) had a peri-prosthetic fracture. The rates of mechanical failure have been noted previously to range from 5% to 16% 27, 28, 32, 33 and of aseptic loosening from 7% to 27%. 10, 11, 26, 34 Frink et al 33 recently published a follow-up for more than five years of 74 patients treated by a kinematic rotating/hinge distal femoral endoprosthesis in which there was one failure of the patellar component, one failure of an all-polyethylene tibial component, one fracture of the femoral stem and one axle breakage. Our mechanical failures occurred early in the use of this system, with most before 1995. Improved durability may be related to advances in cementing techniques, such as pressurisation and distal plugging used throughout in our patients, as well as improvements in prosthetic design and metallurgy. The decreased incidence of fatigue failure of the stem may be related to several changes of design, including forging rather than casting to increase in strength and the use of stronger alloys. 35 Surfaces which encourage extramedullary porous ingrowth on more recently developed implants allow for soft-tissue ongrowth and the option for extracortical bone graft. This may reduce the rate of aseptic loosening by allowing load sharing with the prosthesis.
Modular endoprosthetic replacement of the lower limb is a durable and long-term reconstructive option after resection of a tumour. For most patients with neoplastic disease these implants will generally outlast the patient and provide acceptable function and quality of life.
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